Background
Cartilage injuries lead to joint pain and loss of function. Mature hyaline cartilage has a very low self-repair potential due to its intrinsic properties. For this reason, researchers have focused in the search of methods to reproduce the tissue characteristics of hyaline cartilage and induce complete cartilage repair [1, 2] . A new approach for the treatment of articular cartilage defects is the use of biocompatible scaffolds [3] . Scaffolds for cartilage tissue engineering have to be realized at the nanoscale level to achieve mechanical and physical properties similar to the native tissue [4] . growth factors (TGF-β superfamily), and then implanted to restore the cartilage tissue [25, 26] .
Moreover, it has been observed that also uninduced (nonpreviously ex vivo committed) ADSCs were able to fully restore cartilage in ear auricle defects and in patella-femoral joints.
These promising data suggest that a minimal ex vivo manipulation of ADSCs, thanks to the intrinsic ability of these cells to adapt to their environment in vivo, could allow the development of an easy and effective clinical treatment of cartilage defects bigger than 1.5 cm in diameter, resorting to tissue engineering [26] . Adipose tissue is a connective tissue derived from embryonic mesoderm, consisting of a heterogeneous population of cells, like adipocytes, preadipocytes, smooth muscle cells, endothelial cells, mast cells, fibroblasts, and immune cells. About 10% of the adipocyte population is annually renewed. From adipose tissue manipulation it is possible to isolate the so-called stromal vascular fraction (SVF), containing, among others, MSCs. SVF is easily harvested with minimal donor site morbidity, commonly through lipoaspiration followed by in vitro cell isolation.
The efficiency of SVF isolation is strictly related to donor general condition, such as age and obesity. Compared to bone marrow, 1 g of adipose tissue contains about 500 times more pluripotent cells than 1 g of bone marrow aspirate. Moreover, besides showing phenotypic and transcriptional profiles similar to those of other MSCs, ADSCs present some peculiar characteristics. In particular, ADSCs express CD34 glycoprotein, stromal markers (CD13, CD29, CD44, CD63, CD73, CD90, and CD166) and endothelial cell markers (CD31, CD144, VEGFR2, and von Willebrand factor).
The benefits of adipose tissue in Regenerative Medicine are various:
• It is relatively easy to obtain it with minimally invasive harvesting;
• There is less/minimal pain at the donor site;
• There is less risk associated with autologous therapies;
• Sampling is not linked to the control of hematologic centers;
• High concentrations of regenerative cells have been found in adipose tissue;
• Cells are very abundant (unlikely to decrease with age, as bone marrow-derived cells): from 1 g of adipose tissue, about 5000 stem cells can be isolated, a remarkably higher yield, as compared to an equivalent amount of bone marrow.
The participation of MSCs in tissue regeneration has been largely investigated according to the notion that these cells can themselves differentiate into some cell types, including bone, cartilage, muscle, adipocytes, stroma, fibroblasts and endothelial cells.
The paracrine effect and the exosome nanoworld
Recent studies suggest that MSCs could participate in into rat osteochondral defects. In addition, the transplantation of PGA-HA nanofiber scaffolds embedding mesenchymal stem cells (MSCs) enhanced tissue healing at a greater extent than cell-free scaffolds, suggesting their potential as a suitable graft for articular cartilage reconstruction.
Cartilage repair represents a clinical challenge due to the inherent limited ability for selfrepair. The current treatment of cartilage defects includes intra-articular administration of HA, treatment with platelet-rich-plasma that contains bioactive proteins such as chemokines, cytokines and growth factors, and bone marrow stimulation that include subchondral drilling, abrasion, and microfracture.
Up to now, the only approved cellular-based therapy for cartilage restoration is based upon the autologous chondrocyte transplantation (ACT) after in vitro expansion [5, 6] . Despite the promising initial results, the limited expansion of chondrocytes ex vivo, and donor site morbidity limit the beneficial effects of this technique [7] . Alternative cellular therapies have focused on progenitor cell populations, e.g. bone marrow stem cells that once transplanted improved outcomes in a one-step procedure.
Since 2006, evidence has been provided for the feasibility to use a concentration technique of bone marrow cells, called BMAC, in the operating room and during the same session, focused on implanting bone marrow with significant advantages in terms of costs and time, using the so-called "onestep surgery" for cartilage repair [8] [9] [10] [11] [12] [13] [14] [15] . This technique utilizes a disposable kit, 60 ml of bone marrow aspiration from the ipsilateral iliac crest and repeated centrifugations (5-6 times) to concentrate mesenchymal stem cells contained in the bone marrow (BM-MSCs). Using thrombin from autologous blood collection, it is possible to modify bone marrow and produce a concentrated gel that is loaded onto a scaffold (Hyaff-11) and used to reconstruct, when suitably shaped, the chondral lesion.
Unlike other multi-layered collagen or synthetic products, Hyalofast is a non-woven biodegradable HA-based scaffold, entailing a single 3D fibrous layer of Hyaff 11, a HA benzyl ester derivative. Hyalofast can be cut and adaptively placed to fit within irregular cartilage lesions, taking advantage of its non-woven and soft characteristics. Clinical data indicates that Hyalofast delivers positive results, enabling patients to regenerate hyaline-like cartilage with the goal of helping them returning to daily activities naturally.
Our results suggest that, even in severe unicompartmental osteoarthritis, BMAC-BM-MSCs resurfacing proves to act as an effective treatment for a biological coating. This provides, at least at medium-term data, remission of pain and swelling, with good functional recovery and the ability to resume previous work activity, as compared to the ACT technique, with the advantage of a single operative step and a significant cost reduction [8, [16] [17] [18] [19] [20] [21] [22] [23] [24] .
The adipose tissue as a source for regenerative processes
Recently, the adipose tissue and adipose-derived stem cells (ADSCs) are emerging as a less invasive source for progenitors that can be differentiated into chondrocytes in vitro in a 3-dimensional environment, in the presence of NanoWorld Journal | Volume 3 Issue 3, 2017
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tissue repair, not only by differentiating into cells of the target issue, but also by releasing several factors, contributing to restorative processes, including angiogenetic ones. The secreted trophic factors participate to tissue rescue through proangiogenic and anti-fibrotic mechanisms, anti-inflammatory and immunomodulatory properties, anti-apoptotic and antimicrobial characteristics. Recent studies show a direct correlation between the occurrence of MSCs and the blood vessel density in stromal vascularized tissues.
The niche is the morpho-functional unit where stem cells live and reproduce themselves. It is a particular kind of tissue within each tissue, in which a huge network of messages is fashioned through the production of the overall paracrine activity of the embedded cells, the so-called "secretome". The regenerative potency of MSCs depends mostly on their ability to afford a timely modulation in the composition of the secretome. In this new vision, the preservation of the niche is fundamental to consider MSCs as a patient-specific "molecular biology laboratory" adapting over time to the environmental cues. Components of the adipose niche released by the injured tissues are adipocytes, extracellular matrix (collagen and connective tissue), pericytes (wrapped around capillaries), preadipocytes (progenitor cell), microvasculature, ADSCs.
In particular, pericytes exist in adipose tissue niche wrapped around capillaries within adipocyte clusters; they facilitate communication with cellular environment and react to signals ensuing from an injury or damage. An injury-response from a pericyte transforms it into a MSC, which in turn is further activated into a regenerative MSC to produce a self-healing environment. Hence, pericytes are "Emergency Repair Cells", secreting bioactive molecules (like mini drugstores) mostly via release of nanovescicles (exosomes), with trophic effects which encompass anti-apoptotic, anti-scarring, angiogenic, mitotic, and anti-microbial patterning.
One of the most rapidly emerging ideas that explain paracrine mechanisms of tissue regeneration is the use of stem cell-derived micro/nano-secretory vesicles, which act as mediators of tissue regeneration following injury or disease. This is an exciting area of research, as it opens up the potential to explore non-cell-based therapy in regenerative medicine. It is now generally accepted that nano/microvesicles could aid in the transfer of genetic information between cells, as they contain proteins, messenger RNAs (mRNAs), DNAs and/or microRNAs. They also regulate the physiology and pathophysiology of cells and can be exploited for therapeutic and diagnostic purposes. Thus, nano/microvesicles could be a useful tool to treat solid organ damage, as they may act as mediators to promote anti-inflammatory, pro-angiogenic, anti-apoptotic and differentiation or mitotic factors to activate intrinsic repair and regeneration processes.
There are two main mechanisms for stem cell exosome/ microvesicle-mediated regeneration of injured tissues:
Microvesicles and exosomes can be released from injured tissues and act locally on tissue-resident stem cells to prime them to release exosomes/microvesicles that naturally contain a variety of beneficial cargoes to help in repair and regeneration directly.
Microvesicles and exosomes can be released from injured tissue and act on the stem cells. These stem cells can then differentiate themselves and/or de-differentiate neighbouring cells at the injured site to replace the damaged cells.
Through the use of new, ultrasenitive low-force atomic force microscopy (AFM), and correlating the AFM data with field emission scanning electron microscopy, it has been possible to provide evidence for previously unresolvable structural and nanomechanical features of exosome nanovescicles. Addressing exosome features at the dynamic nanoscale level will no doubt contribute to unraveling the mechanistic bases through which this cellular nanoworld may act as a major conductor for fashioning and shuttling pockets of information within and among (stem) cells [27] . To this end, resolving the nanomechanical signatures embedded within exosomes will help taking a glimpse of the timely patterning that rhythmically governs the efflux and biological activity of exosome cargoes, including proangiogenic miRNAs such as miR-126 and miR-296, mRNAs for immune regulation including cytokine receptor-like factor 1 (CRLF1) and interleukin 1 receptor antagonist (IL1RN), transport proteins that assist in the transport and stability of mRNA, such as Staufen1 (Stau1) and 2 (Stau2), and factors involved in miRNA transport and processing, like Argonaute2 (Ago2).
Disclosing the complexity of exosome signaling will probably provide further understanding of some of the regenerative effects attributed to ADSCs and so far generically defined as paracrine, immunomodulatory effects. In this regard, exosome-mediated paracrine signaling and the intrinsic differentiating potential from ADSCs may timely and sequentially contribute to cartilage rescue. Shortly after transplantation, ADSCs may exert anti-inflammatory and visco supplementative effects, while at a later stage cartilage regeneration may take place.
New generation technologies in fat processing for regenerative purposes
After harvesting, adipose tissue processing has been initially performed by enzymatic digestion followed by in vitro isolation and expansion of a MSC-like population. This "first generation approach", despite yielding a consistent number of ADSCs, has the limitations of destroying the niche and its related signaling during the enzymatic processing. Even more important, in the effort of yielding a relevant number of cells prior to transplantation, ADSCs undergo remarkable senescence during their prolonged persistence of cells in culture. This is a major drawback, as it will negatively affect tissue regeneration as compared to the initial expectation: more stem cells, more tissue repair.
A new generation technology in the handling of adipose tissue for regenerative purposes has been provided by the Lipogems system [28, 29] . The Lipogems device and method only use mild mechanical forces, in the absence of any enzyme, additive or centrifugation. The human fat is therefore processed in a fast and cheap way through a large and then a narrow grid filter, with intermediate washing, to yield a microfractured product with an intact stromal vascular niche, embedding
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elements of pericyte/ADSC identity [28] . The Lipogems product is devoid of oil, and blood residues.
Other methods and devices will appear on the scene in a near future, trying to avoid a mechanical microfragmentation of the initial lipoaspirate, but simply washing the adipose tissue while concomitantly eliminating oil, cellular debris and blood residues through an ultrafiltration process. These novel methods are holding promise for a better preservation of the ADSC nanotopography, as there is no mechanical microfracturing of fat, which is seamlessly purified of the contaminants ensuing from the lipoaspiration procedure, and soon ready for transplantation. These novel methods of preservation of vascular stroma with high concentration of mesenchymal cells and pericytes are progressively applying to wound healing, gynecology, urology, proctology, otorhinolaryngology, reconstructive plastic surgery, orthopedics and sports medicine.
The personal experience
In the personal experience of Professor Zanasi, after a bilateral mini-liposuction carried out in the inner part of the thighs, in the abdominal wall, or in the buttock, the harvested adipose tissue is initially processed through the Lipogems system. The resultant product is then loaded by capillarity onto a 3-D PGA-HA (CHONDROTISSUE) scaffold that has been cut out according to the shape of the defect we have to fill. The CHONDROTISSUE scaffold is a resorbable highly porous textile polyglicolic acid felt that guarantees initial mechanical stability, provides opportunity for stable fixation, allows optimal 3D cell distribution and therefore offers an optimal environment for MSCs. HA is a natural polymer providing an important stimulus for chondrogenic cell differentiation and the subsequent formation of a hyaline cartilage matrix, also contributing to the visco-elasticity of the cartilage while protecting against friction and impact loading. In combination with bone marrow or Lipogems or both, CHONDROTISSUE scaffold allows for optimal defect covering and filling, even though no intact surrounding cartilage is required. These features may lead to extended indications for the use of the above reported approach. In particular, it seems to be suitable for: (i) osteoarthritis (OA) where exposed kissed areas of the joint are commons; (ii) correction of abnormal biomechanical forces in the defect area (capping effect); (iii) resorption after 6 months after implantation; (iv) hyaline-like cartilage formation, as proven by hystologic analyses.
After a maximum 8-year follow-up of 74/196 OA patients we treated for cartilage reconstruction by bone marrow, and 2 yrs of preliminary experience with Lipogems isolated, we started a preliminary study based upon the combined use of bone marrow and Lipogems placed onto the same CHONDROTISSUE scaffold. The rationale behind this approach relies upon the fact that recent interrelated observations clearly demonstrate that bone marrow encompasses and it is itself a form of adipose tissue, sharing some similarity with white adipose tissue (WAT) but exhibiting peculiar features [30] [31] [32] [33] . Within this context, it is conceivable that marrow adipose tissue (MAT) may also entail distinctive paracrine properties that may be exploited in combinatorial fashion with those typical of WAT and WATstem cells to synergistically enhance self-repairing mechanisms.
On these bases, the combinatorial use of autologous nonexpanded tissue products made of whole bone marrow and human WAT derivatives, such as the microfractured Lipogems product, can be considered as an autologous/homologous strategy for improving the natural capacity for self-healing in damaged osteo-articular tissues.
Materials and Methods
From June/2013 to May/2015 we implanted bone marrow by arthroscopic or mini-open technique in 52 patients (29m/23f ) affected by unicompartmental osteoarthritis Ahlback stage II/III for medial (11 patients) and lateral (4 patients) unicompartmental femuro-tibial OA, patella-femoral joint OA (28 patients), and 9 patients with unshouldered kissed ankle large defects. The average age was 34 yrs. (18-55 years) . Most patients treated for knee OA involvement (32/43) got previous surgical procedure for meniscoplasty (19 patients), chondroplasty (31 patients), tibial tuberosity advancement (TTA) (4 patients), lateral release (13 patients). Six out of 9 ankles we treated have been developing OA, due to previous surgical procedures for tibial and/or peroneal fracture.
Average BMI was 25.6. All patients were followed for a minimum follow-up of 18 months (18-61 months). The mean size of the lesions was 5.5 cm 2 (range 4.5-26 cm 2 ). We recorded the ICRS as well as AOFAS score preoperatively.
Bone marrow (60 ml) was harvested from iliac crest, and then processed in the Operative theatre by a centrifuge system (Bio-Spin Magellan): concurrently in all cases, we made a miniliposuction either symmetrically bilaterally in the inner part of the thighs (6 patients), or in the abdominal wall (44 patients), or in the buttock (2 patients). We processed the harvested adipose tissue (300 ml) by the Lipogems system, obtaining a microfractured fat product ready for a subsequent loading onto a 3D PGA-HA (CHONDROTISSUE) scaffold. This scaffold consisted of a 100% synthetic and resorbable membrane (CHONDROTISSUE-) that was cut into an appropriate size according to the lesion area. The scaffold was loaded by capillarity with 2 ml bone marrow concentrate that had been previously mixed for a few minutes with the Lipogems product. The best empiric ratio for the combined embedding of the scaffold was two parts of Lipogems product and 1 part of bone marrow, as assessed throughout the best outcome in our personal experience [26, [34] [35] [36] [37] in the reconstruction of both sides of a kissed chondral defect or a single/multiple wider loss/ es of cartilage tissue (Figures 1 and 2 ).
After surgery, all patients have been directed to a specific rehabilitation program.
Results
We followed patients at 3, 6, 12, 18, and 24 months after surgery. The clinical evaluation was performed using the ICRS-IKDC and AOFAS protocols; the evaluation of the cartilage was performed by a 1.5 T MRI imaging and processing was performed through MOCART scoring system. The EuroQol EQ-5D was used to assess the quality of life of patients.
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The ICRS-IKDC, AOFAS and CM scoring documented a statistically significant improvement in clinical objective and subjective data (p < 0.0001). We had no intra-operative, nor post-operative complications. The mean pre-operative ICRS-IKDC and AOFAS scores were respectively 46.4 ± 16.5 and 51 ± 11.2. The mean post-operative ICRS-IKDC score progressively improved to 82.5 ± 6.3 at 6 ms follow-up, 88.6 ± 7.9 at 12 ms, 89.9 ± 9.5 at 18 ms, and 91.4 ± 3.2 at 24 months. The mean post-operative AOFOS score further significantly improved too. The EuroQol EQ-5D index was significantly improved compared to baseline in all patients. After a mean time of almost 18 months post-surgery, 52/52 (100%) patients experienced and maintained improvement in joint function and symptoms from baseline without significant worsening (IKDC/AOFAS/CMP subjective evaluation). 49/52 (94%) patients had no pain and mobility problems at follow-up, comparable to a general reference population; 48/52 (92%) of treated joints classified as normal or nearly normal (IKDC/AOFAS objective evaluation).
According to MOCART scoring system, high-resolution 1.5 T MRI was used to analyze tissue with nine pertinent variables:
• A complete filling of the defect was found in 92.6%;
• A complete integration of the border zone to the adjacent cartilage in 94.1%;
• Homogeneous structure of the repaired tissue in 76%;
• Isointense signal intensities of the repair tissue compared to the adjacent native cartilage were seen in 95.3%;
• No adhesions and mild effusion in 56% were found.
The average value of MOCART scoring system was 81/100. Furthermore, a limited number of complications occurred and in particular a graft failure was observed in none patients out of 52. Theoretically, due to the maintenance of the subjective and objective clinical results, none or only mild degeneration of neocartilage resurfacing tissue should occur. On the whole, cartilage defects lead to high compression forces compared to healthy or reconstructed knee: Covering of the defect with the CHONDROTISSUE scaffold reduced the compression forces in the knee joint comparable to levels of an intact knee: Implantation of CHONDROTISSUE corrects increased compression forces in the defect that can impair the surrounding cartilage.
Conclusions
Microfractured adipose tissue combined with bone marrow for the treatment of coin, complex and contained kissing lesions (OA) of knee, ankle and shoulder, concurrently with realignment procedures, can be considered a safe and highly effective therapeutic option. Such solution provides, at least at medium-term data, normal post-operative outcomes without serious adverse events, correlated to the remission of pain and swelling, with good functional recovery within 3 months. The ability to resume previous work and sport activities demonstrates overlapping outcome versus the ACT procedure with the advantage of a single operative step, without requiring removal of a cartilage sample for cloning in a specialized Centre and replanting after about 40 days. So far, we can estimate that: total cost for open field ACI is 14,305 €; total arthroscopic ACI cost is 9696 €; total bone marrow transplantation cost is 4348 €. Average total Lipogems transplantation cost is 4320 €; Total cost for a combined Lipogems and bone marrow transplantation within CHONDROTISSUE scaffold is 4660 €. Therefore, our proposed strategy, besides leading to a remarkable improvement in the extent and timing for cartilage tissue repair, is also associated with high affordability and important cost reductions.
